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(57) ABSTRACT

A scanning endoscope apparatus includes: a light source sec-
tion that emits illuminating light; an optical fiber that guides
and applies the illuminating light from a distal end, the illu-
minating light having directionality; a drive element and a
scanning drive section that scan the distal end of the optical
fiber; a light detecting section that detects light from a subject;
a shutter and an intermittent light output control section that
controls a light application period and an interruption period
for the illuminating light; an extrinsic light component
removal section that outputs a result of an average value of a
plurality of light detection results obtained in the interruption
period being subtracted from each of a plurality of light
detection results obtained in the light application period; and
an image processing section that forms image information for
display, based on the result outputted by the extrinsic light
component removal section.

2 Claims, 7 Drawing Sheets
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SCANNING ENDOSCOPE APPARATUS,
IMAGE PROCESSING APPARATUS AND
OPERATION METHOD OF IMAGE
PROCESSING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation application of PCT/
JP2013/062703 filed on May 1, 2013 and claims benefit of
Japanese Application No. 2012-175245 filed in Japan on Aug.
7, 2012, the entire contents of which are incorporated herein
by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a scanning endoscope
apparatus that scans directional illuminating light to obtain an
image of a subject, an image processing apparatus that pro-
cesses the image obtained by the scanning endoscope appa-
ratus, and a method of operation of the image processing
apparatus.

2. Description of the Related Art

Conventionally, scanning endoscope apparatuses that
apply illuminating light to a subject in such a manner that the
illuminating light has directionality, and receive reflected
light while scanning a direction of application of the illumi-
nating light to obtain an image of the subject have been
proposed.

For example, Japanese Patent Application Laid-Open Pub-
lication No. 2011-19706 describes a medical observation sys-
tem including a medical probe that scans laser light to observe
anobject, alaser light source that supplies the laser light to the
medical probe, determination means for determining whether
or not the medical probe is in a predetermined state, and
control means for controlling an amount of laser light output-
ted from the laser light source based on a result of the deter-
mination by the determination means. It is disclosed that such
configuration enables the amount of laser light to be limited to
a safe level in a situation in which the laser light may enter the
eyes of a surgeon or the like.

Also, in a technique described in Japanese Patent Applica-
tion Laid-Open Publication No. 9-248281, an endoscope
spectral apparatus (3) is used in combination with an elec-
tronic endoscope apparatus (2). The electronic endoscope
apparatus (2) includes an electronic endoscope (4) including
image pickup means, observation light illumination means
(5) for supplying illuminating light for observation to the
electronic endoscope (4), and a signal processing section (6)
that processes a signal from the image pickup means. The
endoscope spectral apparatus (3) includes measurement light
illumination means (9) for applying measurement light, spec-
tral means for performing spectrometric measurement (10), a
measurement probe (11) to be inserted into a channel in the
electronic endoscope (4), and timing control means (12) for
controlling an operation timing of the spectral means (10).
The measurement probe (11) includes a fiber bundle for illu-
mination and a fiber bundle for light reception, and the fiber
bundle for illumination is connected to the measurement light
illumination means (9) and the fiber bundle for light reception
is connected to the spectral means (10), respectively. Mea-
surement light from the measurement light illumination
means (9) is guided by the fiber bundle for illumination and
applied to the inside of a living body (30). Light reflected
from the inside of the living body (30) is received by the fiber
bundle for light reception and guided to the spectral means
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(10). A signal synchronized with light blocking periods in
which observation light is blocked is inputted to the timing
control means (12) from the electronic endoscope apparatus
(2). Then, the timing control means (12) makes the spectral
means (10) perform spectral measurement, based on a mea-
surement control signal synchronized with the light blocking
periods. Consequently, it is disclosed that highly-accurate
spectral measurement data that is not affected by observation
light can be obtained with almost no change in specifications
of'the endoscope apparatus (2).

Such scanning endoscope apparatus is configured so thata
direction of an output end of an optical fiber that guides
illuminating light can be varied, and the direction of the
output end of the optical fiber is varied as time passes,
whereby illuminating light is scanned. On the other hand, a
configuration that receives light from a subject is made so
that, for example, all of light from within an illuminating light
scanning range can be received.

Accordingly, information indicating from which direction
received light has come (that is, from which part of a subject
the received light has come) is not contained in a signal
generated by the received light. Therefore, an endoscopic
image is formed assuming that the received light is return
light from a part of the subject to which the output light is
applied.

With the above-mentioned configuration of the conven-
tional scanning endoscope apparatus, an image of a subject
can accurately be formed if there is no light other than return
light from the subject within the light reception range; how-
ever, if there is extrinsic light other than return light (light that
is not return light of illuminating light outputted from the
optical fiber, for example, light generated by a treatment
instrument for performing treatment of a subject, the treat-
ment being accompanied by light emission, such as an elec-
trosurgical knife or a therapeutic laser), detected light con-
tains the extrinsic light. In other words, detected light is a sum
of the return light from the subject to which the illuminating
light has been applied and the extrinsic light received regard-
less of in which direction the illuminating light is applied.

SUMMARY OF THE INVENTION

A scanning endoscope apparatus according to an aspect of
the present invention includes: a light source section that
emits illuminating light; a light guiding section that guides
and applies the illuminating light to a subject from a distal end
in such a manner that the illuminating light has directionality;
a scanning section that performs scanning in which a direc-
tion of the distal end of the light guiding section is varied; a
light detecting section that detects light from the subject; an
illumination control section that controls a light application
period in which the illuminating light is applied from the
distal end of the light guiding section and an interruption
period in which the application of the illuminating light from
the distal end of the light guiding section is interrupted; a
removal section that outputs a result of an average value of a
plurality of detection results obtained by the light detecting
section in the interruption period being subtracted from each
of a plurality of detection results each obtained according to
the direction of the distal end varied by the scanning section
in the light application period; and an image processing sec-
tion that forms image information to be outputted to a display
section that displays an image, based on the result outputted
by the removal section.

A scanning endoscope apparatus according to another
aspect of the present invention includes: a light source section
that emits illuminating light; a light guiding section that
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guides and applies the illuminating light to a subject from a
distal end in such a manner that the illuminating light has
directionality; a scanning section that performs scanning in
which a direction of the distal end of the light guiding section
is varied; a first light detecting section that detects light in a
wavelength band of the illuminating light; a second light
detecting section that does not detect light in the wavelength
band of the illuminating light, but detects light in a wave-
length band other than the wavelength band of the illuminat-
ing light; an illumination control section that controls a light
application period in which the illuminating light is applied
from the distal end of the light guiding section and an inter-
ruption period in which the application of the illuminating
light from the distal end of the light guiding section is inter-
rupted; a removal section that corrects a result of detection by
the second light detecting section in the light application
period, based on a ratio of a result of detection by the first light
detecting section relative to a result of detection by the second
light detecting section in the interruption period to estimate
an extrinsic light component contained in the result of detec-
tion by the first light detecting section in the light application
period, and removes the estimated extrinsic light component
to extract a return light component of the illuminating light
from the subject; and an image processing section that forms
image information to be outputted to a display section that
displays an image, based on the return light component
extracted by the removal section.

An image processing apparatus according to an aspect of
the present invention is an image processing apparatus for
processing an image obtained by a scanning endoscope appa-
ratus, the scanning endoscope apparatus including a light
source section that emits illuminating light, a light guiding
section that guides and applies the illuminating light to a
subject from a distal end in such a manner that the illuminat-
ing light has directionality, a scanning section that performs
scanning in which a direction of the distal end of the light
guiding section is varied, a light detecting section that detects
light from the subject, and an illumination control section that
controls a light application period in which the illuminating
light is applied from the distal end of the light guiding section
and an interruption period in which the application of the
illuminating light from the distal end of the light guiding
section is interrupted, the image processing apparatus includ-
ing: aremoval section that outputs a result of an average value
of'a plurality of detection results obtained by the light detect-
ing section in the interruption period being subtracted from
each of a plurality of detection results each obtained accord-
ing to the direction of the distal end varied by the scanning
section in the light application period; and an image process-
ing section that forms image information to be outputted to a
display section that displays an image, based on the result
outputted by the removal section.

A method of operation of an image processing apparatus
according to an aspect of the present invention is a method of
operation of an image processing apparatus for processing an
image obtained by a scanning endoscope apparatus, the scan-
ning endoscope apparatus including a light source section
that emits illuminating light, a light guiding section that
guides and applies the illuminating light to a subject from a
distal end in such a manner that the illuminating light has
directionality, a scanning section that performs scanning in
which a direction of the distal end of the light guiding section
is varied, a light detecting section that detects light from the
subject, and an illumination control section that controls a
light application period in which the illuminating light is
applied from the distal end of the light guiding section and an
interruption period in which the application of the illuminat-
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ing light from the distal end of the light guiding section is
interrupted, wherein a removal section outputs a result of an
average value of a plurality of detection results obtained by
the light detecting section in the interruption period being
subtracted from each of a plurality of detection results each
obtained from the light detecting section according to the
direction of the distal end varied by the scanning section in the
light application period; and wherein an image processing
section forms image information to be outputted to a display
section that displays an image, based on the result outputted
from the removal section.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is adiagram illustrating an example configuration of
a scanning endoscope apparatus according to Embodiment 1
of the present invention.

FIG. 2 is a diagram illustrating a manner of light scanning
by the scanning endoscope apparatus according to Embodi-
ment 1.

FIG. 3 is a diagram illustrating a state in which light gen-
erated by a treatment instrument exists within an observation
view field in Embodiment 1.

FIG. 4 is a diagram illustrating an example of a result of
detection by a light detection section in Embodiment 1.

FIG. 5 is a timing chart indicating a scanning driving volt-
age, a shutter, a light detection section output and a return
light component in Embodiment 1.

FIG. 6 is a flowchart illustrating processing in an extrinsic
light component removal section in Embodiment 1.

FIG. 7 is adiagram illustrating an example configuration of
a scanning endoscope apparatus according to Embodiment 2
of the present invention.

FIG. 8 is a timing chart illustrating respective outputs of
blue, green, red and yellow light detecting sections in
Embodiment 2.

FIG. 9 is a flowchart illustrating processing in an extrinsic
light component removal section in Embodiment 2.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the drawings.
[Embodiment 1]

FIGS. 1 to 6 illustrate Embodiment 1 of the present inven-
tion, and FIG. 1 is a diagram illustrating an example configu-
ration of a scanning endoscope apparatus 1.

The scanning endoscope apparatus 1 according to the
present embodiment includes a light source section 2, an
optical fiber 3, a shutter 4, an intermittent light output control
section 5, an endoscope 6, a drive element 7, a scanning drive
section 8, an optical fiber bundle 9, a light detecting section
12, an extrinsic light component removal section 13, an image
processing section 15 and a monitor 16.

The light source section 2 is one that emits illuminating
light, and is, for example, one that emits illuminating light of
aplurality of colors, more specifically, one that includes ared
light emitting laser that emits red (R) narrow-band light, a
green light emitting laser that emits green (G) narrow-band
light and a blue light emitting laser that emits blue (B) nar-
row-band light, and thereby emits color illuminating light.
Here, the lasers are used as light sources because the lasers
emit coherent light, enabling provision of a less-diffused (that
is, highly-directional) light beam. Note that, although it is
assumed that the light source section 2 is one that emits color
illuminating light containing three color components of
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RGB, it should be understood that if it is sufficient to obtain a
monochrome image, one that emits monochrome illuminat-
ing light may be employed. Alternatively, one that emits light
such as ultraviolet light, infrared light or light for narrow-
band observation (narrow band imaging: NBI) may be
employed.

The optical fiber 3 is a light guiding section that guides the
illuminating light emitted from the light source section 2, and
applies the illuminating light to a subject from a distal end in
such a manner that the illuminating light has directionality,
and in order to suppress diffusion of output light, for example,
a single-mode optical fiber is used for the optical fiber 3. The
distal end of the optical fiber 3 is arranged at a distal end of the
endoscope 6. The applied illuminating light is reflected by the
subject and thereby turns to return light, which enters a distal
end of the optical fiber bundle 9.

The shutter 4 and the intermittent light output control sec-
tion 5 form an illumination control section that controls light
application periods in which illuminating light is applied
from the distal end of the optical fiber 3 and interruption
periods in which the application of the illuminating light from
the distal end of the optical fiber 3 is interrupted, with a
predetermined cycle. In other words, the shutter 4 is arranged
on a route of light guide by the optical fiber 3 and provides a
switch for selecting whether the illuminating light emitted
from the light source section 2 is guided to the distal end side
of'the optical fiber 3 or interrupted. Also, the intermittent light
output control section 5 drives the shutter 4 to control the light
application periods and the interruption periods.

The endoscope 6 is to be inserted into a subject, the optical
fiber 3 and the optical fiber bundle 9 are inserted inside the
endoscope 6, and the drive element 7 is also disposed in the
endoscope 6.

The drive element 7 and the scanning drive section 8 form
a scanning section that performs scanning in which a direc-
tion of the distal end of the optical fiber 3 is varied. The drive
element 7 is a drive source that moves the distal end of the
optical fiber 3, and, for example, includes a piezo element.
Also, the scanning drive section 8 is a driver that controls a
drive current supplied to the drive element 7.

The optical fiber bundle 9 whose distal end is arranged at
the distal end of the endoscope 6 receives the return light from
the subject and guides the return light to the proximal end
side. The optical fiber bundle 9 performs light reception with
wide directionality so that the optical fiber bundle 9 can
receive light from all directions within a range of scanning of
the optical fiber 3.

The light detecting section 12 detects the return light
guided via the optical fiber bundle 9 to detect light from the
range of scanning of the distal end of the optical fiber 3 by the
drive element 7 and the scanning drive section 8 in such a
manner that such detection has wide directionality.

The extrinsic light component removal section 13 removes
extrinsic light components, which can be obtained in such a
manner as described later based on results of detection by the
light detecting section 12 in an interruption period, from a
result of detection by the light detecting section 12 in a light
application period, to extract return light components of illu-
minating light from the subject.

The image processing section 15 calculates from which
direction the return light components extracted by the extrin-
sic light component removal section 13 have come, based on
information on the direction of the distal end of the optical
fiber 3 from the scanning drive section 8, to form an image and
outputs the image to the monitor 16.

The monitor 16 displays the image formed by the image
processing section 15.
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Next, FIG. 2 is a diagram illustrating a manner of light
scanning by the scanning endoscope apparatus 1.

Scanning of the distal end of the optical fiber 3 by the drive
element 7 and the scanning drive section 8 is performed, for
example, as illustrated in FIG. 2.

In other words, variation of the direction is started from a
center point A of an observation view field 16a, the direction
of'the distal end of the optical fiber 3 is varied along a spiral
route to make the distal end of the optical fiber 3 reach a
farthest point B, which is farthest from the center. Subse-
quently, operation similar to the above may be performed
after the application of the illuminating light to the subject is
turned off and the direction of the distal end of the optical fiber
3 is returned from the farthest point B to the center point A, or
the direction of the distal end of the optical fiber 3 may be
returned to the center point A by following the spiral route
from the farthest point B in a reverse direction, or another
method may be employed. For convenience, in the present
embodiment, the method in which the direction of the distal
end of the optical fiber 3 is returned to the center point A by
following the spiral route from the farthest point B in the
reverse direction.

As described above, the light detecting section 12 has wide
directionality to receive light so that the light detecting sec-
tion 12 can receive all of light from the scanning range such as
illustrated in FIG. 2. Accordingly, from which point in the
scanning range light detected by the light detecting section 12
has come cannot be determined from a result of the detection
by the light detecting section 12 alone.

Therefore, the image processing section 15 receives infor-
mation on the direction of the distal end of the scanning
optical fiber 3 (that is, information on a direction of applica-
tion of the illuminating light) from the scanning drive section
8, and estimates that the return light components extracted by
the extrinsic light component removal section 13 are of light
from a part of the subject that is positioned in the direction of
the distal end of the optical fiber 3, and maps the return light
components in the estimated position to form an image.

Next, FIG. 3 is a diagram illustrating a state in which light
generated by a treatment instrument 21 exists within the
observation view field 16a.

When an examination is performed using the endoscope 6,
the treatment instrument 21 may also be used. If the treatment
instrument 21 is one provided to perform treatment of the
subject, the treatment being accompanied by light emission,
such as an electrosurgical knife or a therapeutic laser, as
illustrated in FIG. 3, extrinsic light 21a (light that is not the
return light of the illuminating light outputted from the opti-
cal fiber 3) is generated within the observation view field 16a.
Furthermore, extrinsic light 21a¢ may be generated for any
reason that is not limited to the treatment instrument 21.

A state of a signal on one line, the signal being obtained in
such a case as above, will be described with reference to FIG.
4. FIG. 4 is a diagram illustrating an example of a result of
detection by the light detecting section 12.

If extrinsic light 21a exists within the observation view
field 16a (that is, within the scanning range), the light detect-
ing section 12 consistently detects the extrinsic light 21a
regardless of the direction of scanning of the optical fiber 3.
Accordingly, a detection signal f from the light detecting
section 12 contains a signal component of return light of
illumination light from the subject and a signal component fa
of the extrinsic light 21a. Here, a signal value of the signal
component of the return light varies depending on the reflec-
tivity of the part of the subject to which the illuminating light
is applied. On the other hand, the signal component fa of the
extrinsic light 21a is constant as illustrated in FIG. 4 if a
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luminance level of the extrinsic light 21a is constant without,
for example, temporal fluctuations.

Next, FIG. 5is a timing chart indicating a scanning driving
voltage, a shutter, an output of the light detecting section 12
and a return light component.

A scanning driving voltage of a current supplied from the
scanning drive section 8 to the drive element 7 has a wave-
form, for example, such as illustrated in FIG. 5. In the wave-
form, a point of start of fluctuations of an amplitude of the
scanning driving voltage is a point where scanning is started
from the center point A illustrated in FIG. 2, and a point where
the amplitude of the scanning driving voltage has a largest
value is a point where the scanning reaches the farthest point
B illustrated in FIG. 2. Subsequently, scanning is returned to
the center point A by following the spiral route from the
farthest point B, and thus, the amplitude of the scanning
driving voltage gradually decreases. Thus, an image for two
frames is obtained while the amplitude of the scanning driv-
ing voltage reaches the largest value from zero and then
returns to zero again. In a period in which the image for two
frames is obtained, the shutter 4 is opened, that is, the period
is a light application period in which illuminating light is
applied from the distal end of the optical fiber 3.

After the light application period, an interruption period in
which the application of the illuminating light from the distal
end of the optical fiber 3 is interrupted comes, and during that
period, the amplitude of the scanning driving voltage is zero.

The detection signal from the light detecting section 12
exhibits different waveforms in light application periods and
interruption periods. In other hand, in the interruption peri-
ods, what is detected by the light detecting section 12 is the
extrinsic light 21a. On the other hand, in the light application
periods, what are detected by the light detecting section 12 are
the return light and the extrinsic light 21a.

Therefore, the extrinsic light component removal section
13 acquires information indicating whether the present time
is in a light application period or an interruption period, from
the intermittent light output control section 5, and performs
processing that differs depending on the acquired informa-
tion.

FIG. 6 is a flowchart illustrating processing by the extrinsic
light component removal section 13.

Upon start of the processing, the extrinsic light component
removal section 13 determines whether the present time is in
a light application period or an interruption period, based on
the information acquired from the intermittent light output
control section 5 (step S1).

Here, if it is determined that the present time is in an
interruption period, the extrinsic light component removal
section 13 accumulates a result of detection by the light
detecting section 12 (see the interruption period detection
result in FIG. 5) (step S2).

Then, whether or not the endoscopic examination has been
finished is determined (step S5). Here, if the examination has
not been finished, the processing returns to step S1 and the
above determination is made.

Ifitis determined in step Si that the present time is in a light
application period as described above, the extrinsic light
component removal section 13 calculates an average value of
the detection signal in the interruption period, which has been
accumulated in step S2 (step S3).

Furthermore, the average value calculated in step S3 is
subtracted, for example, in real time from a detection result
that is being outputted from the light detecting section 12 in
the light application period (see the light application period
detection result in FIG. 5), to extract a return light component
such as illustrated in FIG. 5, and the return light component is
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outputted to the image processing section 15 (step S4). In
other words, the extrinsic light component removal section 13
subtracts an extrinsic light component obtained in an inter-
ruption period immediately before a light application period
(here, specifically, an average value of the extrinsic light
component) from a result of detection by the light detecting
section 12, which has been obtained in the light application
period, to remove the extrinsic light component.

Subsequently, in step S5, if it is determined that the endo-
scopic examination has been finished, the extrinsic light com-
ponent removal section 13 terminates the processing.

According to Embodiment 1 described above, an extrinsic
light component contained in a signal detected by the light
detecting section 12 in a light application period is estimated
based on extrinsic light 21a detected in an interruption period,
and removed, whereby an effect of the extrinsic light 21a is
reduced, enabling enhancement in quality of an image based
on return light.

Here, since an extrinsic light component obtained in an
interruption period immediately before a light application
period is subtracted from a result of detection by the light
detecting section 12 in the light application period, enabling
highly-accurate extrinsic light component removal if tempo-
ral change of the extrinsic light component is small.

Furthermore, since an average value of an extrinsic light
component in an interruption period is calculated, fluctua-
tions and/or flickering in a short period of time are sup-
pressed, enabling provision of stable removal performance.
[Embodiment 2]

FIGS. 7t0 9 are diagrams illustrating Embodiment 2 of'the
present invention, and FIG. 7 is a diagram illustrating an
example configuration of a scanning endoscope apparatus 1.
In Embodiment 2, a description of parts that are similar to
those in Embodiment 1 described above will arbitrarily be
omitted by, e.g., providing reference numerals that are the
same as those in Embodiment 1 to the relevant parts, and
points of difference will be mainly described.

In the present embodiment, an extrinsic light component is
estimated for each of RGB color components in color illumi-
nating light and the estimated extrinsic light components are
removed.

First, the scanning endoscope apparatus 1 according to the
present embodiment includes a blue light detecting section
125, a green light detecting section 12g and a red light detect-
ing section 127

In light outputted from a proximal end of an optical fiber
bundle 9, only a narrow-band blue light component including
a blue light band, which has been emitted from a blue light
emitting laser in a light source section 2, is reflected by a blue
light isolation mirror 115, and components other than the blue
light component are transmitted.

In the light that has passed through the blue light isolation
minor 115, only narrow-band green light component includ-
ing a green light band, which has been emitted from a green
light emitting laser in the light source section 2, is reflected by
a green light isolation mirror 11g, and components other than
the green light component are transmitted.

Furthermore, in light that has passed through the green
light isolation minor 11g, only a narrow-band red light com-
ponent including a red light band, which has been emitted
from a red light emitting laser in the light source section 2, is
reflected by a red light isolation mirror 117, and components
other than the red light component are transmitted.

As described above, the blue light detecting section 126
receives only a narrow-band blue light component, the green
light detecting section 12g receives only a narrow-band green
light component and the red light detecting section 127
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receives only a narrow-band red light component, and in other
words, the blue, green and red light detecting sections 125,
12g and 127 detect light in respective wavelength bands of a
plurality of colors in illuminating light of the plurality of
colors.

Although not described in detail above, the above-de-
scribed light detecting section 12 according to Embodiment 1
is configured generally similar to the above.

Also, the light that has passed through the red light isola-
tion mirror 117 contains a light component other than the
narrow-band blue light component, the narrow-band green
light component and the narrow-band red light component,
which have been removed (the light component is referred to
as “yellow light component” below). On an optical path of the
light transmitted by the red light isolation minor 117, a yellow
light detecting section 14 that detects a yellow light compo-
nent is arranged. In other words, the yellow light detecting
section 14 is a second light detecting section that does not
detect light in any of wavelength bands of the aforementioned
plurality of colors in illuminating light, but detects light in a
wavelength band other than the wavelength bands of the
plurality of colors in the illuminating light.

FIG. 8 is a timing chart indicating respective outputs of the
blue light detecting section 125, the green light detecting
section 12g, the red light detecting section 127 and the yellow
light detecting section 14. FIG. 8 indicates a state in which
extrinsic light 214 is generated at a time t1 onwards.

Up to the time t1, only return light components exist, and
thus, the blue light detecting section 125, the green light
detecting section 12g and the red light detecting section 127
detect and output return light in a light application period, but
the outputs are zero in an interruption period. Also, the yellow
light detecting section 14 detects no respective color compo-
nents contained in illuminating light, and thus, the output is
zero in both of the light application period and the interrup-
tion period.

At the time t1 onwards, light entering the optical fiber
bundle 9 contains a return light component and an extrinsic
light component. If the extrinsic light component is a com-
ponent with a relatively-wide band, which can be detected by
any of the blue light detecting section 125, the green light
detecting section 12g, the red light detecting section 12 and
the yellow light detecting section 14, as illustrated in FIG. 8,
the extrinsic light component is outputted from the yellow
light detecting section 14, and the extrinsic light component
output is superimposed on return light component outputs
from the other blue light, green light and red light detecting
sections 125, 12g and 12~

These results of detection by the blue light detecting sec-
tion 124, the green light detecting section 12g, the red light
detecting section 127 and the yellow light detecting section 14
are inputted to an extrinsic light component removal section
13A. The extrinsic light component removal section 13A
removes the extrinsic light components for the respective
color components, based on the inputted respective detection
results and information indicating whether the present time is
in a light application period or an interruption period, the
information being acquired from the intermittent light output
control section 5.

In other words, the extrinsic light component removal sec-
tion 13A includes a blue extrinsic light component removal
section 134, a green extrinsic light component removal sec-
tion 13g and a red extrinsic light component removal section
13x

The blue extrinsic light component removal section 135
removes the blue extrinsic light component from the result of
detection by the blue light detecting section 125, based on the
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information acquired from the intermittent light output con-
trol section 5 and the result of detection by the yellow light
detecting section 14.

The green extrinsic light component removal section 13g
removes the green extrinsic light component from the result
of'detection by the green light detecting section 12g, based on
the information acquired from the intermittent light output
control section 5 and the result of detection by the yellow light
detecting section 14.

The red extrinsic light component removal section 137
removes the red extrinsic light component from the result of
detection by the red light detecting section 127, based on the
information acquired from the intermittent light output con-
trol section 5 and the result of detection by the yellow light
detecting section 14.

FIG. 9 is a flowchart illustrating processing in the extrinsic
light component removal section 13A.

Upon start of the processing, the extrinsic light component
removal section 13A determines whether the present time is
in a light application period or an interruption period, based
on information acquired from the intermittent light output
control section 5 (step S11).

Here, if it is determined that the present time is in an
interruption period, the extrinsic light component removal
section 13 A accumulates results of detection by the blue light
detecting section 125, the green light detecting section 12g,
the red light detecting section 127 and the yellow light detect-
ing section 14, respectively (step S12).

Then, whether or not the endoscopic examination has been
finished is determined (step S17). If the examination has not
been finished, the processing returns to step S11 and the
above-described determination is made.

Then, if it is determined in step S11 that the present time is
in a light application period, the extrinsic light component
removal section 13A calculates an average value of each of
the detection signals in the interruption period, which has
been accumulated in step S12 (step S13). More specifically,
the extrinsic light component removal section 13 A calculates
an average value Yave of the detection signal from the yellow
light detecting section 14, the blue extrinsic light component
removal section 135 calculates an average value Bave of the
detection signal from the blue light detecting section 125, the
green extrinsic light component removal section 13g calcu-
lates an average value Gave of the detection signal from the
green light detecting section 12g, and the red extrinsic light
component removal section 137 calculates an average value
Rave of the detection signal from the red light detecting
section 127, respectively.

Here, the average value Yave represents an average inten-
sity of the extrinsic light component of yellow light in the
interruption period, the average value Bave represents an
average intensity of the extrinsic light component of blue
light in the interruption period, the average value Gave rep-
resents an average intensity of the extrinsic light component
of green light in the interruption period, and the average value
Rave represents an average intensity of the extrinsic light
component of red light in the interruption period, respec-
tively.

Next, the blue extrinsic light component removal section
135 calculates a correction coefficient ab based on the aver-
age values Yave and Bave, the green extrinsic light compo-
nent removal section 13g calculates a correction coefficient
agbased onthe respective average values Yave and Gave, and
the red extrinsic light component removal section 137 calcu-
lates a correction coefficient ar based on the respective aver-
age values Yave and Rave, respectively, according to, for
example, Expression 1 below (step S14).
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ab=BRave/Yave
ag=Gave/Yave

ar=Rave/Yave Expression 1

Here, the correction coefficient ab is a coefficient for trans-
forming the intensity of the extrinsic light component of
yellow light into an intensity of an extrinsic light component
of blue light, the correction coefficient ag is a coefficient for
transforming the intensity of the extrinsic light component of
yellow light into an intensity of an extrinsic light component
of green light, and the correction coefficient ar is a coefficient
for transforming the intensity of the extrinsic light component
of yellow light into an intensity of an extrinsic light compo-
nent of red light.

Subsequently, the blue extrinsic light component removal
section 135 multiplies a detection signal Y(t) that is being
detected in real time by the yellow light detecting section 14
in the light application period, by the correction coefficient
ab to calculate an estimated extrinsic light component abxyY
(t) contained in real time in a detection signal from the blue
light detecting section 125, the green extrinsic light compo-
nent removal section 13g multiplies the detection signal Y(t)
by the correction coefficient ag to calculate an estimated
extrinsic light component agxY (t) contained in real time in
the green light detecting section 12g, and the red extrinsic
light component removal section 137 multiplies the detection
signal Y(t) by the correction coefficient ar to calculate an
estimated extrinsic light component curxY (t) contained inreal
time in the red light detecting section 127 (step S15).

Then, the blue extrinsic light component removal section
135 subtracts the extrinsic light component abxY(t) from a
detection signal B(t) that is being detected in real time by the
blue light detecting section 125 in the light application period,
the green extrinsic light component removal section 13g sub-
tracts the extrinsic light component agxY(t) from a detection
signal G(t) that is being detected in real time by the green light
detecting section 12g in the light application period, and the
red extrinsic light component removal section 137 subtracts
the extrinsic light component crx Y (t) from a detection signal
R(t) that is being detected in real time by the red light detect-
ing section 127 in the light application period, to calculate a
real-time blue return light component Bret(t), a real-time
green return light component Gret(t) and a real-time red
return light component Rret(t) as indicated in Expression 2
below (step S16).

Bret(t)=B(t)-abx X(1)
Gret(t)=G(H)-agx Y(1)

Rret(f)=R(6)-arx X(t) Expression 2

Subsequently, the processing advances to step S17, and
whether or not the endoscopic examination has been finished
is determined in such a manner as described above. Here, if it
is determined that the endoscopic examination has been fin-
ished, the extrinsic light component removal section 13A
terminates the processing.

According to Embodiment 2 described above, effects that
are almost similar to those of Embodiment 1 can be provided,
and a result of detection by the yellow light detecting section
14 in a light application period is corrected based on a ratio of
each ofresults of detection by the blue light detecting section
1254, the green light detecting section 12g and the red light
detecting section 127 relative to the result of detection by the
yellow light detecting section 14 in an interruption period, to
estimate an extrinsic light component contained in each of
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respective results of detection by the blue light detecting
section 125, the green light detecting section 12g and the red
light detecting section 127 in a light application period,
enabling real-time estimation of extrinsic light components.
As a result, the extrinsic light components can be removed in
real time, enabling extraction of return light components of
illuminating light from a subject.

Furthermore, estimation of extrinsic light components
contained in blue light, green light and red light is performed
for the respective colors, enabling extrinsic light component
removal that is more suitable for each color component.

Note that, although the above description has been pro-
vided mainly in terms of scanning endoscope apparatuses, the
present invention may be applied to an image processing
apparatus that processes an image obtained from a scanning
endoscope apparatus in such a manner as described above, or
animage processing method, or a control program for making
a computer control a scanning endoscope apparatus or an
image processing apparatus in such a manner as described
above or a computer-readable recording medium or the like
that records the control program therein.

Inparticular, for example, if an image processing apparatus
corresponding to Embodiment 1 described above is formed,
arrangement may be made so that the image processing appa-
ratus includes an extrinsic light component removal section
13 and an image processing section 15 to process an image
obtained by an scanning endoscope apparatus including a
light source section 2, an optical fiber 3, a shutter 4 and an
intermittent light output control section 5, a drive element 7
and a scanning drive section 8 and a light detecting section 12.
Also, an idea similar to the above can be applied to a case
where an image processing apparatus corresponding to
Embodiment 2 described above is formed.

The present invention is not limited to the above-described
embodiments as they are, but can be embodied with the com-
ponents modified without departing from the spirit of the
present invention in the practical phase. A proper combina-
tion of a plurality of components disclosed in the above-
described embodiments enables formation of any of various
aspects of the invention. For example, some components may
be deleted from all the components indicated in the embodi-
ments. Furthermore, components in different embodiments
may arbitrarily be combined. As described above, it should be
understood that various modifications and applications are
possible without departing from the spirit of the invention.

What is claimed is:

1. A scanning endoscope apparatus comprising:

a light source section that emits illuminating light;

a light guiding section that guides and applies the illumi-
nating light to a subject from a distal end in such a
manner that the illuminating light has directionality;

a scanning section that performs scanning in which a direc-
tion of the distal end of the light guiding section is
varied;

a first light detecting section that detects light in a wave-
length band of the illuminating light;

a second light detecting section that does not detect light in
the wavelength band of the illuminating light, but detects
light in a wavelength band other than the wavelength
band of the illuminating light;

an illumination control section that controls a light appli-
cation period in which the illuminating light is applied
from the distal end of the light guiding section and an
interruption period in which the application of the illu-
minating light from the distal end of the light guiding
section is interrupted;
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a removal section that corrects a result of detection by the
second light detecting section in the light application
period, based on aratio of a result of detection by the first
light detecting section relative to a result of detection by
the second light detecting section in the interruption 5
period to estimate an extrinsic light component con-
tained in the result of detection by the first light detecting
section in the light application period, and removes the
estimated extrinsic light component to extract a return
light component of the illuminating light from the sub- 10
ject; and

an image processing section that forms image information
to be outputted to a display section that displays an
image, based on the return light component extracted by
the removal section. 15

2. The scanning endoscope apparatus according to claim 1,

wherein the light source section emits illuminating light of
a plurality of colors;

wherein the first light detecting section detects light in a
wavelength band of each of the plurality of colors from 20
the illuminating light of the plurality of colors;

wherein the second light detecting section detects light in a
wavelength band other than the wavelength bands of the
illuminating light of the plurality of colors; and

wherein the removal section estimates the extrinsic light 25
component contained in the result of detection by the
first light detecting section, for an illuminating light
component of each of the plurality of colors and removes
the extrinsic light component estimated for the illumi-
nating light component of each of the plurality of colors. 30
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